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TITLE 

IMPROVED TESTING IMPLEMENTATION FOR SIGNAL CHARACTERIZATION 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates generally to the testing of electrical signals, and 
more particularly, to an improved implementation for enabling testing of signals, 
such as small computer system interface (SCSI) signals, under various conditions. 

10 2. Description of the Related Art 



At present, various types of personal computer systems are in wide use. Such 
systems may be designed to incorporate hard disk drives (HDDs) and one or more 
input/output (I/O) devices, such as printers, scanners and the like. These devices 
IH are typically capable of external connectivity via a port connector. One of the 
15 common interfaces employed to connect I/O devices to a computer system is the 
small computer system interface (SCSI), for which standards have been established 
by the American National Standards Institute (ANSI). Since currently there are 
various SCSI file type devices such as HDDs, CD-ROMs, and magneto-optic (MO) 
discs, the SCSI is considered the standard in this field. A device that has an 
20 interface conforming to the SCSI is called a SCSI device, and a bus that can be 
connected to a SCSI interface is called a SCSI bus. Electrical signals transmitted in 
environments having SCSI devices and buses may be referred to as SCSI signals. 
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In environments employing electrical devices such as SCSI devices, it is 
important to understand signal characteristics in the environment. For example, it is 
important to have knowledge of certain electrical parameters such as signal 
amplitude, intersymbol interference, slew rates and/or signal skew. Knowledge of 
5 these parameters may assist in tasks such as product design and systems 
engineering. For example, knowledge of these parameters may assist in 
understanding how certain devices that communicate using SCSI signals such as 
servers, signal expanders and/or other devices operate under various conditions, 
■S and/or whether such devices comply with various standardized signal transfer 
•Ji 10 protocols. This knowledge may also be used to determine what types of cables 
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12 and/or devices are suitable for implementation in given environments and/or 
configurations. Accordingly, there is a need to perform signal testing with various 
w types of signals such as SCSI signals. 

^15 To ensure wider test coverage, such testing should preferably be conducted 

under various conditions using several different testing configurations. Current signal 
testing techniques tend to be rather slow and laborious. In particular, separate tests 
must be run for each testing configuration and test cables must be manually located 
and changed for each test. This requires a user to engage in the time-consuming 
20 process of locating the necessary cables, and connecting the cables to the various 
devices in the testing configuration. Repeating this process for each testing 
configuration is especially burdensome. Accordingly, there is a need for a signal 
testing implementation which is faster, easily repeatable and enables wider test 
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coverage. The present invention has been contemplated to address these and other 
problems. 

SUMMARY OF THE INVENTION 

5 The present invention provides a signal testing implementation which enables 

significant advantages over conventional signal testing techniques. According to an 
exemplary embodiment, an apparatus for enabling signal testing such as SCSI 
signal testing in a test configuration provides a cable environment embodied as a 

s =~ 
'=? 

*0 portable housing structure including a plurality of cables exhibiting a plurality of 
jS 10 lengths and impedances. At least a portion of each of the cables is supported within 
m the portable housing structure. A user can selectively connect any one of the cables 

s " between a host device such as a server and a target device such as a disk 

o 

in subsystem. According to an embodiment, a user can select a particular cable for 
W connection between the host device and the target device through input to a switch. 
j " 15 Signal measurement connectors which are connectable to the portable cable 
environment may be provided. Each of the signal measurement connectors includes 
one or more test measurement points to enable collection of signal testing results. In 
use, the portable cable environment can be moved to a location corresponding to a 
given test configuration. A user can then selectively connect any one of the cables of 
20 the portable cable environment between the host device and the target device. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other features and advantages of this invention, 
and the manner of attaining them, will become more apparent and the invention will 
be better understood by reference to the following description of embodiments of the 
5 invention taken in conjunction with the accompanying drawings, wherein: 

FIG. 1 is a schematic diagram of a cable environment with signal 
measurement connectors constructed according to principles of the present 
invention; 

n 

^0 FIG. 2 is a schematic diagram providing details of a first embodiment of a 

iS 10 cable environment constructed according to principles of the present invention; 

^ FIG. 3 is a schematic diagram providing details of a second embodiment of a 

]*' cable environment constructed according to principles of the present invention; 

jfi FIG. 4 is a schematic diagram providing details of a signal measurement 

If! connector constructed according to principles of the present invention; 

^ 15 FIG. 5 is a schematic diagram of a first exemplary configuration suitable for 

performing signal testing using a cable environment constructed according to 

principles of the present invention; 

FIG. 6 is a schematic diagram of a second exemplary configuration suitable 

for performing signal testing using a cable environment constructed according to 
20 principles of the present invention; 

FIG. 7 is a schematic diagram of a third exemplary configuration suitable for 

performing signal testing using a cable environment constructed according to 

principles of the present invention; 
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FIG. 8 is a schematic diagram of a fourth exemplary configuration suitable for 
performing signal testing using a cable environment constructed according to 
principles of the present invention; and 

FIG. 9 is a schematic diagram of a fifth exemplary configuration suitable for 
5 performing signal testing using a cable environment constructed according to 
principles of the present invention. 

The exemplifications set out herein illustrate preferred embodiments of the 
invention, and such exemplifications are not to be construed as limiting the scope of 
the invention in any manner. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings and, more particularly to FIG. 1, a schematic 
diagram of a cable environment with signal measurement connectors constructed 
according to principles of the present invention is shown. In FIG. 1, a cable 

15 environment 10 is constructed as a portable housing structure containing a plurality 
of different cables. The cable environment 10 may include a handle, wheels and/or 
other means (not shown in FIG. 1) by which a user may quickly and efficiently move 
the cable environment 10 between different signal testing locations. According to an 
exemplary embodiment, each of the cables included in the cable environment 10 is a 

20 different type. For example, it is contemplated that one or more of the following types 
of cables may be used: twisted pair round cable, flat ribbon cable, and flat ribbon 
twisted pair cable. Other types of cables may also be used in accordance with 
principles of the present invention. Moreover, the cable environment 10 may be 



Docket No. 1003-0559 

constructed to include one or more backplanes. It may also be preferable to include 
cables from different cable manufacturers, such as Hitachi, Madison, Tempflex 
and/or other manufacturers. It may also be preferable to include cables of different 
lengths. For example, it is contemplated that cable lengths of 1 meter, 12 meters, 25 
5 meters and/or other lengths may be utilized. It may also be preferable to include 
cables of different impedances. For example, it is contemplated that low voltage 
differential (LVD) impedances in the range of 110 ohms to 135 ohms may be used. 
However, other impedance values may also be used. Accordingly, to ensure a wide 

p 

*0 test coverage, the cable environment 10 may include cables of various types, 



in 



10 lengths, manufacturers and impedances. The number of such variations for the 
cable environment 10 is countless, with each one being within the inventive scope of 
the present invention. The specific parameter variations selected for a given 
embodiment of the present invention are simply a matter of design choice. 

15 One or more signal measurement connectors 20 may be connected to both 

ends of the cable environment 10. Each of the signal measurement connectors 20 
connects to a cable connector (not shown in FIG. 1) of the cable environment 10 to 
facilitate a signal testing process. In particular, each of the signal measurement 
connectors 20 provides one or more dedicated test measurement points to which a 

20 signal testing device such as an oscilloscope may be connected. In the exemplary 
embodiment of FIG. 1, there are four signal measurement connectors 20 coupled to 
each end of the cable environment 10. However, any number of signal measurement 
connectors could be utilized in accordance with principles of the present invention. 
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Further details regarding the signal measurement connectors 20 will be provided 
later herein. 



Referring now to FIG. 2, a schematic diagram providing details of a first 
5 embodiment of a cable environment 10 constructed according to principles of the 
present invention is shown. In particular, FIG. 2 shows an embodiment where the 
cable lengths and impedances are selected by a user physically connecting a 
corresponding cable between a host device and a target device. As will be 
=0 discussed later herein, the present invention also includes an embodiment for the 
IS 10 cable environment 10 where a user may select a given cable length and/or 
^ impedance through an input to a mechanism such as a switch. In FIG. 2, the cable 

trsr 

environment 10 includes four cables, wherein at least a portion of each cable is 
jfj fixedly supported within the housing of the cable environment 10. Each of the cables 
m exhibits a specific, fixed length and impedance. Again, the specific lengths and 
!- 15 impedances used in practice are simply a matter of design choice. Also, it should be 
intuitive that any number of such cables may be used according to principles of the 
present invention. Each of the four cables in FIG. 2 includes a pair of cable 
connectors designated by reference numerals 11, 12, 13 and 14, respectively. 
According to a preferred embodiment, each of the cable connectors 11 to 14 
20 connects to a signal measurement connector 20, as indicated in FIG. 1. 



Referring now FIG. 3, a schematic diagram providing details of a second 
embodiment of a cable environment 10 constructed according to principles of the 
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present invention is shown. In particular, FIG. 3 shows an embodiment where the 
cable lengths and impedances are selectable through user inputs to a mechanism 
such as a switch. In FIG. 3, a pair of cable connectors 15 is provided for connection 
to corresponding signal measurement connectors 20 in the manner indicated in FIG. 
5 1. It should be intuitive that any number of such cable connectors 15 may be 
provided in accordance with principles of the present invention. The cable 
environment 10 of FIG. 3 also includes four cables wherein at least a portion of each 
of the cables is embodied within the housing of the cable environment 10. Each of 
the cables has a different length and/or impedance. Any number of such cables may 

10 be included in accordance with principles of the present invention. Relays 16 are 
connected to the cables and operate as switches, thereby enabling a user to select 
any one of the cables. The relays 16 may be embodied on a PC board or card which 
connects to the individual cables. Link connectors 17 are provided for electrically 
connecting the relays 16 to the cable connectors 15. The relays 16 may be 

15 controlled in a variety of ways such as by one or more external switches, or through 
software using a parallel port. In this manner, the user may conveniently select a 
cable having a desired length and/or impedance. 

According to an alternative embodiment, a cable environment 10 providing 
20 variable cables lengths and/or impedances may be achieved using a custom 
backplane containing a plurality of switches. In this embodiment, the switches 
enable a user to select different path lengths and/or impedances. The backplane 
switches may be controlled by a plurality of external switches or by software using a 
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parallel port. This embodiment also enables a user to conveniently select a cable 
having a desired length and/or impedance. However, since the characteristics of a 
backplane are different from that of a physical cable, this embodiment requires 
signal characterization on several cable and backplane designs. Also, the switches 
5 utilized in this embodiment should be selected so as not to create an excessive 
impedance mismatch, or regenerate an original test signal. The more switching 
capability provided to the user may create reflection problems due to multiple 
connections. Accordingly, these design issues should be taken into consideration 
when implementing this alternative embodiment. 

10 

Referring now to FIG. 4, a schematic diagram providing details of a signal 
measurement connector 20 constructed according to principles of the present 
invention is shown. As indicated in FIG. 4, a signal measurement connector 20 may 
be embodied as a dedicated circuit card or the like. The signal measurement 

15 connector 20 includes a pair of connectors 21, such as connectors enabling 
connections between a SCSI device and bus. One of the connectors 21 is typically 
connected to a cable connector such as a cable connector 11, 12, 13, 14 or 15 
shown in FIGS. 2 and 3. The signal measurement connector 20 also includes one or 
more test points 22 to which a signal testing device such as an oscilloscope may be 

20 connected to perform signal testing. These test points 22 may be embodied as 
electrically conductive pads, pins or the like to enable connection to a signal testing 
device. Reference number 23 refers to a pair, of equal length differential conductors 
included on the signal measurement connector 20. 
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Application of a cable environment 10 constructed according to principles of 
the present invention will now be described in relation to several preferred signal 
testing configurations. For purposes of explanation and simplicity, these 
5 configurations illustrate the cable environment 10 without accompanying signal 
measurement connectors 20. Although not expressly shown, it should be understood 
that such signal measurement connectors 20 are included in the following 
configurations in a manner such as that illustrated in FIG. 1 to facilitate the input and 
output of signals to and from the cable environments 10 and the collection of signal 
10 testing data. 



The following testing configurations may be assembled by one or more users 
and utilized in accordance with principles of the present invention to provide valuable 
data that may assist in tasks such as product design and systems engineering. As 

15 previously indicated, knowledge of certain electrical parameters in these 
configurations may assist in understanding how certain devices that communicate 
using SCSI signals such as servers, signal expanders and/or other devices operate 
under various conditions, and/or whether such devices comply with various 
standardized signal transfer protocols. Moreover, knowledge of such electrical 

20 parameters may also be used to determine what types of cables and/or devices are 
suitable for implementation in given environments and/or configurations. 
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Referring now to FIG. 5,1 a schematic diagram of a first exemplary 
configuration suitable for performing signal testing using a cable environment 
constructed according to principles o| the present invention is shown. In FIG. 5, a 
host server 30 executes test code suc|h as Winthrax brand software available from 
5 LSI Logic to generate signal traffic over« four cables (i.e., bus lines) provided by the 
cable environment 10. As previously indicated, the cable parameters selected for 
use are simply a matter of design choice^The cable environment 10 of the present 
invention advantageously provides a means by which users may quickly and 
conveniently select and connect different cables having different characteristics. In 
10 this manner, the present invention provides a signal testing implementation which is 
faster, easily repeatable and enables wider test coverage. 



According to a preferred embodiment, the server 30 may include two dual 
channel SCSI controllers placed in two peripheral component interconnect (PCI) 
15 slots. A disk subsystem 40 serves as a target on the four bus lines provided by the 
cable environment 10. For purposes of example and explanation, the disk 
subsystem 40 of FIG. 5 is shown to include components such as "just a bunch of 
disks" (JBODs), a backplane and a disk drive. These components are commonly 
used to perform signal testing such as SCSI signal testing. Hereinafter, the term disk 
20 subsystem 40 is used in the various testing configurations to generically represent 
one or more of the foregoing target components shown in FIG. 5. That is, throughout 
this disclosure, the term disk subsystem 40 may refer to an arrangement that 
includes one or more components such as JBODs, backplanes and/or disk drives. 
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According to a preferred embodiment, the test code executed by the host 
server 30 of FIG. 5 generates test signals such as low voltage differential (LVD) 
SCSI signals at various rates. During this process, the signal measurement 

5 connectors 20 (not shown in FIG. 5) at both ends of the cable environment 10 are 
monitored to collect signal testing results. For example, parameters such as signal 
amplitude, intersymbol interference, slew rates and/or signal skew may be recorded. 
In the configuration of FIG. 5, cable lengths of 1 meter and 12 meters have been 
used between the host server 30 and the JBODs. Moreover, a cable length of 12 

10 meters has been used between the host server 30 and the backplane, and a cable 
length of 25 meters has been used between the host server 30 and the disk drive. 
Again, these lengths are merely exemplary and other lengths may be used in 
accordance with principles of the present invention. 

15 Referring now to FIG. 6, a schematic diagram of a second exemplary 

configuration suitable for performing signal testing using a cable environment 
constructed according to principles of the present invention is shown. The 
configuration of FIG. 6 may be referred to as a Y-configuration. In FIG. 6, a host 
server 30 is connected to two disk subsystems 40 via a cable environment 10 

20 constructed according to principles of the present invention. The cable environment 
10 includes a known signal splitter to provide a signal path to and from both of the 
target disk subsystems 40. According to a preferred embodiment, test code such as 
LSI Logic's Winthrax is executed by the host server 30 of FIG. 6 to generate test 
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signals such as low voltage differential (LVD) SCSI signals at various rates. During 
this process, the signal measurement connectors 20 (not shown in FIG. 6) at both 
ends of the cable environment 10 are monitored to collect signal testing results. For 
example, parameters such as signal amplitude, intersymbol interference, slew rates 
5 and/or signal skew may be recorded. The Y-configuration tends to be a very noisy 
environment for signal testing due to issues such as signal reflection. As will be seen 
hereinafter, the Y-configuration may be a component of other testing configurations. 

,q Referring now to FIG. 7, a schematic diagram of a third exemplary 

ifl 10 configuration suitable for performing signal testing using a cable environment 

i y 

^ constructed according to principles of the present invention is shown. The 
Wt configuration of FIG. 7 may be referred to as a cluster configuration. In FIG. 7, two 
jS host servers 30 execute test code such as LSI Logic's Winthrax to generate signal 
jfj traffic within the testing configuration. That is, each of the two servers 30 generates 
!« 15 test signals such as low voltage differential (LVD) SCSI signals at various rates. The 
configuration of FIG. 7 includes four cable environments 10 constructed according to 
principles of the present invention. Two signal expanders 50 such as LSI Logic's 
LSA 53C320s are interposed between the cable environments 10, while a third 
signal expander 50 of the same or similar type operates as a bridge between the two 
20 signal paths. Two disk subsystems 40 are also provided as targets. 

During the signal testing process, the signal measurement connectors 20 (not 
shown in FIG. 7) at both ends of each of the cable environments 10 may be 
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monitored to collect signal testing results. For example, parameters such as signal 
amplitude, intersymbol interference, slew rates and/or signal skew may be recorded. 
As previously indicated, the cable parameters selected for use are simply a matter of 
design choice. The cable environments 10 of the present invention advantageously 
provide a means by which users may quickly and conveniently select and connect 
different cables having different characteristics. In this manner, the present invention 
provides a signal testing implementation which is faster, easily repeatable and 
enables wider test coverage. 

Referring now to FIG. 8, a schematic diagram of a fourth exemplary 
configuration suitable for performing signal testing using a cable environment 
constructed according to principles of the present invention is shown. The 
configuration of FIG. 8 may be referred to as a compatibility configuration. In FIG. 8, 
a host server 30 executes test code such as LSI Logic's Winthrax to generate signal 
traffic within the testing configuration. That is, the host server 30 generates test 
signals such as low voltage differential (LVD) SCSI signals at various rates. The 
configuration of FIG. 8 includes four cable environments 10 constructed according to 
principles of the present invention. Three signal expanders 50, preferably of different 
types such as LSI Logic's LSA 53C320, LSA 53C180 and LSA 53C120, are provided 
as indicated in FIG. 8. Three disk subsystems 40 are also provided as targets. 

During the signal testing process, the signal measurement connectors 20 (not 
shown in FIG. 8) at both ends of each of the cable environments 10 may be 
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monitored to collect signal testing results. For example, parameters such as signal 
amplitude, intersymbol interference, slew rates and/or signal skew may be recorded. 
As previously indicated, the cable parameters selected for use are simply a matter of 
design choice. The cable environments 10 of the present invention advantageously 
provide a means by which users may quickly and conveniently select and connect 
different cables having different characteristics. In this manner, the present invention 
provides a signal testing implementation which is faster, easily repeatable and 
enables wider test coverage. 

Referring now to FIG. 9, a schematic diagram of a fifth exemplary 
configuration suitable for performing signal testing using a cable environment 
constructed according to principles of the present invention is shown. The 
configuration of FIG. 9 may be referred to as a cascaded configuration. In FIG. 9, 
two servers 30 execute test code such as LSI Logic's Winthrax to generate signal 
traffic within the testing configuration. That is, each of the two servers 30 generates 
test signals such as low voltage differential (LVD) SCSI signals at various rates. The 
configuration of FIG. 9 includes six cable environments 10 constructed according to 
principles of the present invention. Five signal expanders 50 such as LSI Logic's 
LSA 53C320s are interposed between the cable environments 10. 

During the signal testing process, the signal measurement connectors 20 (not 
shown in FIG. 9) at both ends of each of the cable environments 10 may be 
monitored to collect signal testing results. For example, parameters such as signal 
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amplitude, intersymbol interference, slew rates and/or signal skew may be recorded. 
As previously indicated, the cable parameters selected for use are simply a matter of 
design choice. However, with the cascaded configuration of FIG. 9, it may be 
preferable to utilize cable lengths from 20 to 25 meters. This allows a testing process 
5 wherein signal degradation conditions may be readily monitored. The cable 
environments 10 of the present invention advantageously provide a means by which 
users may quickly and conveniently select and connect different cables having 
different characteristics. In this manner, the present invention provides a signal 

% q testing implementation which is faster, easily repeatable and enables wider test 

m 10 coverage. 
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While this invention has been described as having a preferred design, the 
present invention can be further modified within the spirit and scope of this 
if, disclosure. This application is therefore intended to cover any variations, uses, of 
H 15 adaptations of the invention using its general principles. For example, it is 
contemplated that the present invention may be applicable to testing electrical 
signals other than SCSI signals, and that signal testing according to the principles of 
the present invention may be performed using configurations other than those 
expressly disclosed herein. Further, this application is intended to cover such 
20 departures from the present disclosure as come within known or customary practice 
in the art to which this invention pertains and which fall within the limits of the 
appended claims. 
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